Hypophosphatasia (HPP) is an inherited skeletal disease caused by mutation of the gene encoding tissue non-specific alkaline phosphatase (TNSALP). Odonto-HPP is well known as the mildest of HPP. The manifestations involve only the teeth, such as premature primary teeth exfoliation caused by reduction of alveolar bone, enlarged dental pulp chamber, and dental defects. We report a case of a 9-years-old boy who developed HPP. He was observed from the primary dentition to the mixed dentition period. At initial presentation at our hospital, he had multiple premature exfoliation of primary teeth and reduction of the alveolar bone. HPP was suspected due to the low level of ALP activity in serum, his oral manifestation, and dental history. He was referred to a physician for the final diagnosis. Therefore his compound heterozygote mutations, c.1559 delT (T/delT) and c.407G > A (G/A), were found in TNSALP and he diagnosed with odonto-HPP. Even though these mutations were reported as being involved in odonto-HPP, his mineral densities tended to be lower than that of his age. It is therefore necessary to investigate the bone mineralization level in odonto-HPP without other bone symptoms. Moreover, ongoing enzyme-replacement therapy in odonto-HPP might improve dental abnormality and bone disorders.
Introduction
Hypophospatasia (HPP) is an inherited disorder of bone and teeth caused by mutations in the gene encoding tissue non-specific alkaline phosphatase (TNSALP). TNSALP is expressed in the liver, kidney, and bone, and is present systemically in the blood in a secreted form. In the absence of TNSALP, accumulated inorganic pyrophosphate inhibits local mineralization and leads to hypomineralization disorders. The biochemical diagnostic markers of this disease are a reduction of alkaline phosphatase (ALP) in the serum, increased phosphoethanol-amine (PEA) in the urine, and increased serum pyridoxal-5'-phosphate (PLP). The clinical severity of HPP varies widely. There are 6 forms of clinical phenotypes, based on the age of onset: perinatal lethal, perinatal benign, infantile, childhood, adult, and odonto-HPP. The perinatal form is the most severe type diagnosed, such as rickets or osteomalacia, and the mildest form is odonto-HPP, which has only tooth manifestations, such as premature primary teeth exfoliation, large dental pulp chamber [1] . The disease follows both recessive and dominant inheritance patterns. The variable symptoms of HPP result from the inheritance pattern, dominant-negative effects, or compound heterozygosity in milder case [2] .
Among several studies of HPP, there are only a few case reports of odonto-HPP. This case report describes the oral history of a nine-year-old boy who presented with numerous exfoliation of primary teeth at the age of one-and-a-half years. He was diagnosed on the basis of clinical examinations and oral symptoms at the age of nine years after visiting a dentist. In addition to clinical and radiographic findings, low ALP levels, increased urinary PEA were diagnostic markers of the disease.
Description of Case
The patient was a nine-year-old boy who developed hypophosphatasiaat one-and-ahalf-years old. His first indication was mandibular anterior tooth movement at the age of 11 months. Although traumatic injury was suspected as the cause, he then presented with premature exfoliation of primary mandibular central incisors. Thereafter, the primary mandibular left lateral incisor was defluxion and the primary maxillary incisors and left canine teeth moved. At the age of three years, the primary maxillary right canine, primary maxillary left central incisor, and primary mandibular left canine underwent premature defluxion at the time of the first consultation at our hospital ( Figure  1(a) ). His periodontal depth ranged from two to six mm, and the mobile teeth had particularly deep periodontal pockets. Moreover, gingival retraction and exposed root surfaces, with root caries, were present, and his plaque control record was 50%. Dental Xrays showed an enlarged dental pulp chamber and reduced alveolar bone around deciduous teeth (Figure 1(c) ). The roots were short and the canals were stenosed with the permanent teeth.
He was treated with resin filling for caries and wire resin fixation and dentures for esthetic reasons and to recover dental occlusion. We also instructed him in performing oral hygiene. From the age of nine years, primary teeth were smoothly exchanged for permanent teeth (Figure 1(b) ). Although it seems that his eruption of teeth rete was very slow. The alveolar bone levels of the permanent anterior teeth were increased and movement of permanent teeth was not observed (Figure 1(d) ).
Eventually HPP was suspected based on his low serum ALP levels and his oral ma- Figure 1 . (a) The mandibular anterior primary teeth fell out and the primary maxillary anterior teeth demonstrated mobility, gingival retraction, and exposed root surfaces with root caries. No inflamed gum was observed around these teeth. This image was taken at the age of 3 years and 11 months; (b) Eruption of eight permanent incisors are shown. The permanent teeth had no mobility and had deep periodontal pockets. The oral photographs showed no inflammation of the gums. This image was taken at 9 years and 5 months old; (c) The alveolar bone around the deciduous teeth was decreased. The maxillary left canine was slanted, but there was no root resorption. The image was taken at the age of 3 years and 11 months. The alveolar bone atrophy and root and dental pulp chamber shape anomalies were observed as the radiographic dental clinical marker of HPP; (d) The alveolar bone levels of the permanent anterior teeth were increased and irregularly impacted premolars were observed. The roots were short and the canals were stenosed with the permanent teeth. This image was taken at 9 years and 5 months old.
nifestations, loss of numerous primary teeth without inflammation and infection, and sparse alveolar bone, and his dental history. We referred him to a physician for the final diagnosis at the age of nine and four months. His height was 134.1 cm (+0.33 SD) and his weight was 26.1 kg (−0.5 SD). He had been born by vaginal delivery at 40 weeks and two days pregnancy, with a birth weight of 3556 g. He had never suffered a fracture and bone pain, and took part in gymnastics and soccer. His ALP activity level in serum was 266 IU/L (reference range at nine-year-old: 400 -1250 IU/L) and PEA in urine was 840 µmol/g Cr (7 -70 µmol/g Cr). After the biochemical tests, TNSALP gene sequencing was performed and heterozygous c.1559delT (T/delT) and c.407G >A (G/A) mutations were found, which were also confirmed in his parents, who had low ALP activity (mother, 77 IU/L; father, 130 IU/L; reference range in adults: 115 -359 IU/L). His parents were taller than average (mother, 163 cm; father 177 cm), and they had no bone pain or teeth problems. In addition, X-ray examination was performed. The bone mineral densities were measured by dual-energy X-ray absorptiometry (DEXA) ( Table 1) . His skeletal age as calculated with TW2 20-bone, using his wrist, was 9.0 years (Figure 2(a) ). The X-ray of his knee joints showed an almost normal and roughly exterior epiphyseal of the femur (Figure 2(b) ). There was no curvature of the four extremities and dimple.
Discussion
Premature deciduous tooth loss is a major manifestation of HPP. In the case described here, the patient lost primary mandibular anterior teeth, with a suspected traumatic cause. Primary tooth loss can be due to HPP, traumatic injury, periodontitis in children and adolescents, and Papillon-Lefèvre syndrome associated with periodontitis [3] . These periodontal diseases lead to bacterial infection and inflammation because of poor dental hygiene. Blood tests and anaerobic bacteria tests of gingival crevice fluid were negative. HPP, especially the childhood form that has mild bone symptoms and odonto-HPP, should be considered in the differential diagnosis of premature loss of primary teeth that does not present with the diseases described above. Thus, low ALP levels in serum, increased urinary PEA, and increased serum PLP are the important diagnostic Figure 2 . (a) and (b) the X-ray photographs were taken at 9 years and 4 months old. The X-ray of his knee joints showed almost normal appearance. There was no curvature of the four extremities and dimple. However, the femur showed roughly exterior epiphyseal (shown by black arrow).
biochemical markers of HPP [1] . Alternatively, it has been reported that the clinical markers of HPP are the radiographic dental findings of atrophy of the alveolar bone and root and dental pulp chamber shape anomalies [4] . Our patient was referred to a physician, and diagnosis was made based on low serum ALP levels and the radiographic dental findings. Numerous studies on dental characterization of HPP have been reported [5] [6], while few reports briefly described the dental management [7] [8]. We observed this patient from the stage of primary dentition to the mixed dentition period. For preventing early defluxion of deciduous teeth and decreasing tooth mobility, fixation of the mobile teeth and denture prosthesis treatment were efficacious. In addition, oral hygiene instruction is important in the dental treatment of HPP patients. His tooth enamel surface looked normal, even though numerous dental caries were found and root surfaces were exposed. Additionally, mobile teeth are easily affected by pulpitis. We suspected an ascending pulpitis as the cause of the dental plaque and the deep pockets. Thus, we reaffirmed the significance of plaque control to prevent early defluxion and ascending pulpitis, as well as dental caries in HPP patients, and the need for regular dental examinations. Moreover, routine oral care of the teeth with low eruption rate were required. The prevalence of uneven occlusal plane causes difficulties in cleansing of the erupting teeth and it is more likely to be affected by dental caries compared to mature permanent teeth. Thus, an oral instruction is considered effective to prevent the dental manifestation of HPP. The alveolar bone increased with eruption and no signs of mobility were observed for the erupted permanent teeth. Therefore, exchange of permanent teeth proceeded as normal without the low eruption rate. His permanent tooth germs in the alveolar bone were unarrayed, so that orthodontic therapy may be necessary to maintain permanent tooth positions.
His compound heterozygose genotype for ALPL mutations has been reported previously in Japanese odonto-HPP patients [9] . c.1559delT is the most frequent allele found in this condition in Japan and may be a founder mutation in the Japanese population. Although the prevalence of odonto-HPP is not clear in Japan, it has been reported that c.1559delT heterozygote carrier frequency is 1/480 in Japanese [10] . While c.407G > A is a mutation found globally [11] [12] . c.1559delT and c.407G > A presents with different phenotypes. Recently, there have been some reports of genotype-phenotype correlations in HPP [4] [12], although these correlations are not completely clear. Therefore, accumulation of genotype-phenotype data is important in the prediction of prognosis in HPP patients. This patient had never shown any bone symptoms without teeth, such as pain or fracture, and his height was normal. However, his Z-score tended to show low mineralization levels and a rough exterior epiphyseal of the femur. The mineralization levels were not stable, because of impending puberty. We recommended investigation of his bone mineralization levels even though he was diagnosed with odonto-HPP. At present, enzyme-replacement therapy is used and achieves significant results in such patients in Japan [1] [13] . The dental abnormality and trend of hypocalcification of bone in this patient may be improved by this treatment. Thus, follow-up of the bone mineralization levels is important in odonto-HPP patients to prevent fractures in the future, as treatment may lead to improvement of their dental and bone abnormalities [14] .
